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(54) DISPLAY DEVICE AND METHOD FOR MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a display 
device which has good characteristics by forming a 
light emitting layer under gentle conditions, and a 
method for manufacturing the same. 
SOLUTION: This display device includes a substrate 
101, switching elements 1002 which are formed on 
the substrate 101. an electrode layer 902 which are 
connected onto the switching elements 1002 via 
connecting electrodes 702 and are formed of a 
material different from a material of electrodes 702 ? 
the emitting layer 803 which is formed on the 
electrode layer 902 and is formed of an organic 
material, a transparent electrode layer 802 which is 
formed on the light emitting layer 803 and a 

transport substrate 801 which is formed on the transparent electrode layer 802. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The display characterized by to provide the electrode layer which consists of an 
ingredient which is connected through a connection electrode on a substrate, the switching 
element formed on said substrate, and said switching element, and is different from said 
connection electrode, the luminous layer which is formed on said electrode layer and consists of 
an organic material, the transparent electrode layer which are formed on said luminous layer, and 
the transparence substrate which are formed on said transparent electrode layer. 
[Claim 2] The display according to claim 1 characterized by said connection electrode being a 
bump electrode. 

[Claim 3] The manufacture approach of the display characterized by to provide the process 
which connects the process which forms a switching element in a substrate, the process which 
forms a transparent electrode layer in a transparence substrate, the process which forms a 
luminous layer on said transparent electrode layer, the process which form an electrode layer on 
said luminous layer, the field in which said switching element of said substrate was formed, and 
the field in which said electrode layer of said transparence substrate was formed through a 
connection electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a display and its manufacture approach. 
[0002] 

[Description of the Prior Art] Since thin-shape-izing of a display is possible for the display using 
liquid crystal, an electro-luminescence (EL) component, light emitting diode, the plasma, 
fluorescence, etc., the demand is increasing as displays, such as a business machine and a 
computer, or a special display. 

[0003] Moreover, in current and these indicating equipments, it is expected as an indicating 
equipment of the high definition, the high definition, and the low power of the luminescence 



1 



mold which the active-matrix mold EL indicating equipment using an organic 
electroluminescence layer replaces with the liquid crystal display of the conventional 
transparency mold, using a thin film transistor (TFT) as a switching element of a pixel, and the 
researches and developments are done briskly. 

[0004] The 1 -pixel sectional view of the active-matrix mold EL display proposed now is shown 
in drawing 1 1 , and the configuration is explained. 

[0005] As shown in drawing 1 1 , as for the conventional active-matrix mold EL indicating 
equipment, a switching element 1101 is formed on the transparence substrate 1 107, and a 
switching element 1101 is connected to the transparent electrode layer 1 104 through the 
connection electrode 1 102. An insulating layer 1 103 is formed between a switching element 
1101 and the transparent electrode layer 1 104. Moreover, a luminous layer 1 105 is formed on the 
transparent electrode layer 1 104, and the up electrode layer 1 106 is formed on a luminous layer 
1105. 

[0006] If the signal level according to the signal of each pixel is impressed to a switching 
element 1101 from the signal line which is not illustrated, this signal level will be impressed 
between the transparent electrode layer 1 104 and the up electrode layer 1 106, and light will be 
emitted by the electron hole in a luminous layer 1 105, and electronic recombination. With the 
configuration of drawing 1 1 , the transparent electrode layer 1 104 is in the luminous layer 1 105 
bottom, and the up electrode layer 1 106 usually consists of two-layer [ of the MgAg etc. and the 
protection metal layer used as an electrode ], and since it is opaque, it takes out light from the 
direction of the arrow head B of drawing 1 1 . 

[0007] However, when light is taken out from the direction of the arrow head B of drawing 1 1 , 
it is interrupted by a switching element 1101 and wiring which is not illustrated, the loss of light 
arises, and a numerical aperture falls. In order to prevent decline in a numerical aperture, and to 
take out light from the direction of the arrow head A of drawing 1 1 , it is necessary to use the up 
electrode layer 1 106 as a transparent electrode layer but, and in case a transparent electrode layer 
is formed, it is like about 230-degree C heat process. It is difficult for a luminous layer 1 105 to 
usually be formed from an organic substance etc., to form a luminous layer 1 105 and to form the 
required transparent electrode layer of a heat process on it, since it is weak with heat. 
[0008] To make small the absorption of light in the up electrode layer 1 106 is also tried by 
making the up electrode layer 1 106 transparent, or forming it thinly as the configuration of 
drawing 1 1 remaining as it is, as an option which takes out light from the direction of the arrow 
head A of drawing 11 . However, there are many metals with the unstable metal with which the 
luminous efficiency of a luminous layer 1 105 becomes high as an up electrode layer 1 106, and a 
protection metal layer is needed. Therefore, there was a problem that the role of protection 
becomes less enough for extent to which the absorption of light becomes low enough when the 
up electrode layer 1 106 and a protection metal layer are made thin, and the life of a display 
became short. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, when the conventional active- 
matrix mold EL indicating equipment took out the light from a luminous layer, and light was 
interrupted by the switching element, the loss arose and it had the trouble that a numerical 
aperture fell. 

[0010] Moreover, although the attempt which takes out light from the near field in which a 
switching element is not formed also occurred, since the permeability of light was not able to 
form highly the electrode which exists in stability, only the short display of a life has been 
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formed. 
[0011] 

[Means for Solving the Problem] Then, the display characterized by to provide the electrode 
layer which consists of an ingredient which is connected through a connection electrode on the 
switching element formed on the 1st substrate and the substrate of this invention and a switching 
element, and is different from a connection electrode, the luminous layer which are formed on an 
electrode layer and consist of an organic material, the transparent electrode layer which are 
formed on a luminous layer, and the transparence substrate which are formed on a transparent 
electrode layer offers. 

[0012] Moreover, in the 1st of this invention, a connection electrode may be a bump electrode. 
[0013] The 2nd offers the manufacture approach of the display characterized by to provide the 
process which connects the process which forms a switching element in the substrate of this 
invention, the process which forms a transparent electrode layer in a transparence substrate, the 
process which forms a luminous layer on a transparent electrode layer, the process which form 
an electrode layer on a luminous layer, the field in which the switching element of a substrate 
was formed, and the field in which the electrode layer of a transparence substrate was formed 
through a connection electrode. 
[0014] 

[Embodiment of the Invention] Although the operation gestalt of this invention is explained to it 
at a detail, referring to a drawing to below, this invention is not limited to this operation gestalt. 
[0015] The operation gestalt of this invention is explained. The 1 -pixel sectional view of the 
display of this operation gestalt is shown in drawing 10 . The indicating equipment of this 
operation gestalt forms TFT as a switching element 1002 on a substrate 101, and uses it as a 
switching element formation substrate. On the transparence substrate 801, carry out the 
laminating of the luminous layer 803 and the electrode layer 901 which consist of a transparent 
electrode 802 and an organic material, and the protection electrode layer 902 one by one, and it 
considers as EL formation substrate. As a switching element 1002 and the protection electrode 
layer 902 serve as the inside in both this substrate, luminescence from lamination and a luminous 
layer 803 is taken out from the field of the side which does not form a switching element 1002. 
[0016] The display of this operation gestalt The 1st insulator layer 102 formed on a substrate 101 
and a substrate 101, The gate dielectric film 201 formed on the 1st insulator layer 102 in which 
the barrier layer 103 by which is formed on the 1st insulator layer 102 and patterning is carried 
out, and the barrier layer 103 were formed, the gate electrode 301 by which is formed on gate 
dielectric film 201 and patterning is carried out, The interlayer insulation film 401 formed on the 
gate dielectric film 201 with which the gate electrode 301 was formed, The source drain 
electrode 601 which it is formed on an interlayer insulation film 401, and is connected to a 
barrier layer 103 in a contact hole 501, The 2nd insulator layer 701 formed on the interlayer 
insulation film 401 with which the source drain electrode 601 was formed, the bump electrode 
702 (connection electrode) which it is formed on the 2nd insulator layer 701, and is connected 
with the source drain electrode 601 in a contact hole, The bump electrode 702 The electrode 
layer 901 by which minds, and is formed on the protection electrode layer 902 by which 
connects with the source drain electrode 601 and patterning is carried out, and the protection 
electrode layer 902, and patterning is carried out like the protection electrode layer 902, the 
luminous layer 803 formed on the electrode layer 901, the transparent electrode layer 802 formed 
on a luminous layer 803, It consists of joints 1001 of the transparence substrate 801 and 
switching element formation substrate which are formed on the transparent electrode layer 802, 



3 



and EL formation substrate. 

[0017] Next, the formation approach of the display of this operation gestalt is explained. 
[0018] First, the manufacture approach of the switching element formation substrate which 
forms a switching element is explained using drawing 7 from drawing 1 . Drawing 1 to drawing 
7 is drawing showing the production process of a switching element formation substrate. 
[0019] As shown in drawing 1 , the 1st insulator layer 102 which consists of oxide films, such as 
silicon oxide and a silicon nitride, and a nitride is formed on the insulating substrate 101 which 
consists of glass or silicon so that about 1 micrometer may become about 500nm thickness from 
about lOOnm preferably, on the 1st insulator layer 102, about 70nm becomes about 50nm 
thickness from about 30nm preferably about the amorphous silicon film by a plasma-CVD 
method etc. - as - forming -- ELA — it polycrystal-izes by law, patterning is performed, and it 
considers as a barrier layer 103. 

[0020] next, the 1st insulator layer 102 top in which the barrier layer 103 was formed as shown 
in drawing 2 -- ordinary pressure CVD (APCVD) law and the plasma en hunger strike CVD 
(PECVD) - law and electron cyclotron-resonance-CVD (ECR-CVD) - the gate dielectric film 
201 which consists of silicon oxide etc. by law etc. is formed so that it may become about 70 to 
about lOOnm thickness. 

[0021] On gate dielectric film 201, as shown in drawing 3 , membranes are formed, patterning of 
Mo, aluminum, Ta, W, Cu(s) and those alloys, these cascade screens or the doped silicone film, 
etc. is carried out so that it may become about 200 to about 400nm thickness, and the gate 
electrode 301 is formed. Next, it dopes by using this gate electrode 301 as a mask into the part 
used as the contact section of the source drain electrode in a barrier layer 103. With this 
operation gestalt, in order to form n-chTFT, Lynn is introduced about lxl022cm-3 by ion- 
implantation, the ion doping method, etc. 

[0022] next, the gate-dielectric-film 201 top which formed the gate electrode 301 as shown in 
drawing 4 - APCVD - law and PECVD - with law, an ECR-CVD method, etc., the interlayer 
insulation film 401 which consists of silicon oxide, silicon nitrides or these cascade screens, etc. 
is formed so that it may become about 200 to about 500nm thickness. Then, by the ELA method 
and about 450 to about 550 degrees C heat annealing method, it is activated and Lynn doped in 
advance is formed into low resistance. 

[0023] Next, as shown in drawing 5 , the gate dielectric film 201 on the field used as the contact 
section of a barrier layer 103 and an interlayer insulation film 401 are etched, and opening of the 
contact hole 501 is carried out. And with Mo, aluminum, Ta, W, Cu(s) and those alloys, these 
cascade screens or the doped silicone film, etc., it forms and patterning of the source drain 
electrode 601 as shown in drawing 6 is carried out so that it may become about 300 to about 
600nm thickness, so that it may connect with a barrier layer 103 through this contact hole 501 . 
Since unevenness does not have the direction formed more thickly than an interlayer insulation 
film 401 and this source drain electrode 601 can perform good connection electrically, it is 
desirable. 

[0024] Next, as shown in drawing 7 , the 2nd insulator layer 701 which serves also as the role of 
flattening is formed by the spin-on glass method etc. so that it may become about 200 to about 
400nm thickness by silicon oxide etc. Opening of the contact hole is carried out to the 2nd 
insulator layer 701 of the upper part of one electrode of the source drain electrode 601, and the 
bump electrode 702 linked to the electrode of one of these is formed. This bump electrode 702 is 
used for connection with EL formation substrate mentioned later, and since the luminous layer of 
this EL formation substrate is weak with heat, nickel using electroless deposition with low 
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connection temperature, its Cu using electrolytic plating or electroless deposition, etc. are 
desirable. Moreover, the magnitude of this bump electrode 702 needs to be smaller than a pixel 
pitch, and needs to be smaller than it, supposing the magnitude which is 1 pixel is 100 
micrometers of about 150 micrometerx abbreviation. If the magnitude of this bump electrode 702 
is about 1 micrometer to about 50 micrometers, there is no short-circuit with the bump electrode 
702 of the next pixel, and it can unite, can also make precision loose, and is desirable. A 
switching element formation substrate is completed by such approach. 
[0025] Next, the manufacture approach of EL formation substrate of having the EL element 
which sandwiched the luminous layer in the electrode layer is explained using drawing 8 and 
drawing 9 . Drawing 8 and drawing 9 are drawings showing the production process of EL 
formation substrate. 

[0026] First, on the transparence substrate 801 which consists of insulating matter, as shown in 
drawing 8 , the transparent electrode layer 802 which consists of matter which penetrates the 
lights, such as ITO, is formed so that about 200nm may turn into about lOOnm from about 50nm 
of thickness preferably. In case this transparent electrode layer 802 is formed by ITO, it carries 
out like about 230-degree C heat process. The transparence substrate 801 in which the 
transparent electrode layer 802 was formed is put in into vacuum devices, and a luminous layer 
803 is formed on the transparent electrode layer 802. Although it consists of a p-quarter phenyl 
derivative etc. and is good also as luminous layer 803 monolayer, if it is the three-tiered structure 
of the electronic injection layer which consists of the hole injection layer which consists of a 
triazole derivative etc., a luminous layer, 8 -hydroxy quinoline, etc., since luminous efficiency 
will become high, a luminous layer 803 is desirable. The thickness of a hole injection layer, a 
luminous layer, and an electronic injection layer sets to about 5 micrometers from about 5nm, 
respectively, and it is desirable that it is about 1 micrometer from about lOnm. In addition, as for 
the process after luminous layer 803 formation, it is desirable to carry out in a vacuum. 
Moreover, ozone and ultraviolet rays may perform cleaning treatment to the transparence 
substrate 801 with which the transparent electrode layer 802 was formed before the vacuum 
process in a vacuum. Since a luminous layer 803 is weak with an acid, alkali, heat, etc., the 
process after luminous layer 803 formation needs to be carried out on quiet conditions. 
[0027] Next, as shown in drawing 9 , using MgAg, LiF/aluminum, LiAl, Ag, etc., in order to 
carry out pixel separation of the electrode layer 901, a mask 903 is used, and it vapor-deposits so 
that it may become about lOOnm thickness. The mask vacuum evaporationo of the protection 
electrode layer 902 for protecting the electrode layer 901 on this electrode layer 901 is carried 
out like the electrode layer 901 so that it may become about lOOnm thickness using aluminum, 
Au, etc. EL formation substrate is completed by such approach. 

[0028] Next, a switching element formation substrate and EL formation substrate are stuck like 
drawing 10 . In case both substrates are stuck, a switching element formation substrate is put in 
into the vacuum holding EL formation substrate, the bump electrode 702 is warmed by the heater 
which carried the switching element formation substrate, and it connects with the protection 
electrode layer 902, and it is closed. In that case, a joint 1001 is good also as a vacuum and may 
enclose nitrogen. Moreover, you may fill with adhesives etc. 

[0029] In the display of this operation gestalt, in case EL formation substrate is formed, 
formation of the required transparent electrode layer 802 of a heat process is performed before 
formation of the luminous layer 803 weak with heat. In order that after formation of a luminous 
layer 803 may perform formation of the electrode layer 901 and the protection electrode layer 
902 by vacuum evaporationo of quiet conditions, a luminous layer does not deteriorate. After 
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that, also in case it sticks with a switching element formation substrate, since the connection with 
the bump electrode 702 is possible at comparatively low temperature, a good display is formed. 
Therefore, it can be said that there is a display of this operation gestalt about effectiveness when 
using especially for heat the weak luminous layer which consists of an organic material. 
[0030] Moreover, since the indicating equipment of this operation gestalt is seen from the 
luminous layer 803 of drawing 10 and takes out light from the near field of an arrow head C in 
which a switching element 1002 is not formed, i.e., the direction, it can also obtain a high 
numerical aperture. Therefore, with this operation gestalt, since a luminous layer can be formed 
on quiet conditions, it becomes possible to form the display which has a good property and also 
has a high numerical aperture. 

[0031] Moreover, since a switching element will deteriorate if the light from a luminous layer is 
irradiated by the switching element, a light-shielding film is usually formed on a switching 
element. However, in the indicating equipment of this operation gestalt, since a luminous layer 
803 is formed through the protection electrode layer 902 of protection-from-light nature, and the 
electrode layer 901 on a switching element 1002, the effectiveness that a light-shielding film is 
unnecessary can also be acquired. 

[0032] Moreover, the bump electrode 702 is used for connection of a switching element 1002 
and the protection electrode layer 902 in the indicating equipment of this operation gestalt. Since 
this bump electrode 702 is easy to make small to a pixel pitch, it can make precision loose and 
becomes easy [ manufacture ]. 

[0033] In addition, this invention is not limited to the operation gestalt mentioned above. 
[0034] For example, with the operation gestalt mentioned above, as a switching element, 
although the coplanar mold TFT was explained, TFT of a reverse stagger mold etc. may be used 
and it is not limited to these. 

[0035] Moreover, although pixel separation was performed with the operation gestalt mentioned 
above by vapor-depositing the electrode layer 901 and the protection electrode layer 902 using 
the mask which has a break for every pixel, this is not limited, may vapor-deposit uniformly this 
electrode layer 901 and the protection electrode layer 902, and may divide the transparent 
electrode layer 802 for every pixel. 
[0036] 

[Effect of the Invention] As explained in full detail above, since a luminous layer can be formed 
on quiet conditions, according to this invention, it can acquire the display which has a good 
property and has a high numerical aperture, and its manufacture approach. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 2] It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 3] It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 4] It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 5] It is a sectional view explaining the manufacture approach of the active-matrix mold 
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EL display of this invention. 

[Drawing 61 It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 71 It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 8] It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 91 It is a sectional view explaining the manufacture approach of the active-matrix mold 
EL display of this invention. 

[Drawing 10] It is the 1 -pixel sectional view of the active-matrix mold EL display of this 
invention. 

[Drawing 111 It is the 1 -pixel sectional view of the conventional active-matrix mold EL display. 
[Description of Notations] 

101 - Substrate 

102 - The 1st insulator layer 

103 - Barrier layer 

201 - Gate dielectric film 

301 - Gate electrode 

401 - Interlayer insulation film 

501 - Contact hole 

601 — Source drain electrode 

701 - The 2nd insulator layer 

702 - Bump electrode 

801 1 107 - Transparence substrate 

802 1 104 - Transparent electrode layer 

803 1 105 - Luminous layer 

901 - Electrode layer 

902 - Protection electrode layer 

903 - Mask 

1001 - Joint 

1002 1 101 - Switching element 

1 102 - Connection electrode 

1 103 - Insulating layer 

1 106 - Up electrode layer 
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